We investigate the pairing symmetry of the newly synthesized quasi-one-dimension K2Cr3As3 superconductor based on the six-band model. We adopt standard random-phase-approximation to study the Hubbard-Hund model of the system. Our results confirm the conclusions obtained from our previous three-band model: the triplet pz and f y 3 −3x 2 y wave pairings serve as the leading pairing symmetries in the weak and strong Hund's rule coupling regimes, respectively. For physically realistic parameters, the triplet pz-wave pairing driven by ferromagnetic fluctuations is the leading pairing symmetry of the system. The consistency between the results of these two models suggests that the obtained pz-wave pairing symmetry is physical and model-independent.
The newly discovered chromium-based superconductivity has raised great research enthusiasm recently [1] [2] [3] [4] [5] due to possible unconventional superconductivity driven by the strong electron-electron correlations among the 3d electrons of the Cr atoms in this group [1, 2, 6, 7] . Among the Cr-based superconductors, a particularly intriguing family is the quasi-one-dimension (Q1D) A 2 Cr 3 As 3 [3] [4] [5] (A=K, Rb, Cs) superconductors, whose crystal structure consists of alkali-metal-ion-separated [(Cr 3 As 3 )
2− ] ∞ double-walled subnanotubes. The T c of this family is up to 6.1K at ambient pressure [3] . This superconducting family is striking because on the one hand Q1D superconductors are rare, and on the other hand, many experimental results on this family suggest that their superconducting pairing is unconventional, and probably is spin triplet [3] [4] [5] [8] [9] [10] [11] .
Different experiments performed on the A 2 Cr 3 As 3 family revealed that both their normal and superconducting states are abnormal and unconventional. In the normal state, the large specific heat coefficient [3] suggests large effective mass enhancement possibly caused by strong electron-electron correlations; the linearly temperature-dependent resistivity [3] and the abnormality in the NMR relaxation-rate [8] suggest possible Luttinger-liquid behavior. In the superconducting state, the experimental results of the London penetration depth in the mixed state [9, 10] , the NMR relaxation rate [8] and the specific heat [4] suggest line gap nodes in the system, which is a characteristic of unconventional SC. Moreover, the ferromagnetic fluctuations detected by the NMR [12] might probably mediate triplet pairing in the system, as supported by the particularly high upper critical field largely exceeding the Pauli limit [3] [4] [5] . Since triplet SC is rare and intriguing, this possibility is rather important.
An urgent important question for the A 2 Cr 3 As 3 superconductors family is: what's the pairing symmetry? Previously we have constructed a minimum three-band tight-binding model to answer this question [15] . In this model, the original lattice structure of the system is simplified as parallel placed chains of virtual Cr atoms, with each virtual Cr atom containing three 3d orbitals whose symmetries are d z 2 , d xy and d x 2 −y 2 . Note that there are two types of inequivalent virtual Cr atoms staggered arrayed on a chain to form sublattices A and B. Taking into account the orbitals on both sublattices leads to a sixbands tight-banding (TB) model. In our previous study [15] , however, only the orbitals on sublattice B are considered, which leads to a three-bands TB model. The insight supporting this minimum three-band model comes from the fact that the Cr atoms on sublattice B contributes more to the density of state (DOS) near the Fermi level, and the three-band model correctly reproduces the Fermi surface (FS). Starting from this minimum three-band model, we have studied the pairing symmetry of the interacting system both in the weak-coupling and strongcoupling limits. In both limits, our calculations predict that the leading pairing symmetry of the system is the triplet p z -wave one for realistic parameters. This triplet pairing is consistent with [16] the particularly high upper critical field exceeding the Pauli limit [3] [4] [5] , and whose symmetry-protected line gap-nodes on the k z = 0 plane is consistent with [16] the different experiments introduced above [4, [8] [9] [10] . Besides, this triplet pairing can account for [16] the anisotropic temperature-dependent superfluid density qualitatively.
In spite of its success, the three-band model has obvious drawbacks. On the aspect of energy dispersion, although the model reproduces the FS, its band structure slightly below the Fermi level is not quite consistent with that of the LDA band structure. Actually, in comparison with the LDA one [13] [14] [15] , there are missing band and band crossing in the band structure of the three-band model just 0.1eV below the Fermi level. Such a distance is touchable by the interaction parameters. On the as-pect of the orbital component, the three-band model only takes the contribution from the Cr atoms on sublattice B, which, however, only dominates that on sublattice A in the two Q1D bands. In the other three-dimensional (3D) band, the contributions from the Cr atoms on both sublattices are comparable. Bearing these drawbacks of the three-band model in mind, one cannot help ask oneself: Is the three-band model adequate in capturing the correct pairing symmetry? What if we start from a more complete band structure? Will the resulting pairing symmetry be model dependent? To settle this issue, we need to revisit the superconductivity of the system starting from the six-band TB model, whose band structure is consistent with the LDA one within a large energy scale.
In this paper, we study the pairing symmetry of K 2 Cr 3 As 3 from the six-band TB model with the Hubbard-Hund interaction terms. We adopt the random phase approximation (RPA) as an appropriate approach for the problem. The spin susceptibility of this six-band model still peaks at the Γ-point, suggesting ferromagnetic fluctuations. The phase diagram of the system is consistent with that obtained from the three-band model. In the parameter region with large Hubbard-U , the spindensity-wave (SDW) phase emerges. In the parameter region with small Hubbard-U , the on-site f -wave superconducting phase occurs for strong Hund's rule coupling, and the p z -wave superconducting phase occurs for weak Hund's rule coupling. For realistic Hund's rule coupling in the system, the triplet p z -wave pairing driven by ferromagnetic fluctuations should still be the leading pairing symmetry. The consistency between the results of these two models verifies that they can serve as a complete description of the band structure of K 2 Cr 3 As 3 to study the pairing symmetry, and that the obtained p z -wave pairing symmetry is robust and model-independent.
The six-band TB Hamiltonian of the system can be expressed as [15] :
Here A and B represent sublattices, the orbital indices 1, 2, and 3 denote d z 2 , d xy , and d x 2 −y 2 orbitals, respectively, and the unshown matrix elements can be obtained from the shown ones by the Hermicity of h(k). 
The hopping parameters in the above TB model can be obtained by least-square-root fitting of the band structure of the model to that of density functional theory (DFT). Here we refit these hopping parameters to highlight the Q1D feature of the system. The resulting values of these hopping parameters are listed in tables I and II. The chemical potential of the six-band TB model is µ c = 2.3258eV, which leads to a band filling of 10 electrons per unit cell. In figs. 1(a) and 1(b) , we show the orbital characters of the bands of the six-band TB model and the DFT, respectively. From the orbital characters of the bands shown in fig. 1 , we identify that the dominating orbital component on the α-band is d z 2 , and those on both the β-and γ-bands are d x 2 −y 2 and d xy , which is consistent with the result in the three-band model [15] . Among the six bands of the model, there are only three bands with higher energy intersecting with the Fermi level. These three bands correspond to those in the three-band model, and marked as α, β, and γ from high to low energy in fig. 1 . In fig. 2(a) , we show the corresponding Fermi surfaces, which indicates that the α-and β-bands are Q1D, and the γ-band is 3D. Due to the flatness of the two Q1D bands near the Fermi level, large density of states (DOS) is obtained there as shown in fig.  2 (b). 
Following ref. [15]
, we adopted the following HubbardHund Hamiltonian in our calculations:
Here, the U , V , and J H terms denote the intra-orbital, inter-orbital Hubbard repulsion and the Hund's rule coupling as well as the pair hopping. Because general symmetry argument requires U = V + 2J H , we choose U and the ratio J H /U to be independent tuning parameters and study the parameter dependence of the results.
According to the standard multi-orbital RPA approach [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] used in ref. [15] , for the non-interacting case where U = V = J H = 0, we can define the bare susceptibility χ (0)pq st (k, iω n ) in the k-space with p, q, s, t = 1, 2, ..., 6 being the orbital indices and iω n being the Matsubara frequency. In fig. 3 , we show the kdependence of the largest eigenvalue of susceptibility matrix χ (0)pp ss (k, iω n = 0) in the Brillouin Zone. Clearly, the largest eigenvalue peaks at the Γ-point, which implies that the dominating intra-sublattice spin correlation is ferromagnetic. Here we note that the peak value of the largest eigenvalue is about 2eV −1 , which is much smaller than the one obtained from the three-band model [15] . When interactions is turned on, we can further define the spin susceptibility χ (s) and charge susceptibility χ (s) . In the RPA level, as the repulsive Hubbard-U increase, the spin susceptibility is enhanced remarkably. When the Hubbard-U is up to a critical strength U c , which depends on the ratio J H /U , the renormalized spin susceptibility diverges, which invalidates the RPA treatment and implies the formation of the SDW phase.
When the interaction strength U < U c , there are short-ranged spin or charge fluctuations in the system. Through exchanging these fluctuations between a Cooper pair, exotic superconducting states would emerge in the system. Corresponding to the D 3h point group of K 2 Cr 3 As 3 , there are ten possible superconducting pairing symmetries [15] . Based on the six-band TB model, our calculations performing in different parameter regimes identify the leading pairing symmetries of the system as the triplet p z -wave symmetry and the triplet f y 3 −3x 2 y -wave one in the weak and strong Hund's coupling regimes, respectively. Because the orbitals in the present six-band model are the molecule orbitals that are distributed on the original six Cr atoms in a unit cell of the system, the Hund's coupling should be weak, and thus the p z -wave pairing should be the leading pairing symmetry of the system. This result is qualitatively the same as the previous one obtained from the three-band model.
In fig. 4 (a), 4(b), and 4(c), we show the relative gap function of the leading p z -wave pairing on the FSs of the six-band model. This triplet pairing is mirror-reflection odd about the k z = 0 plane, and thus has gap nodes on the intersecting line of the k z = 0 plane and the 3D FS γ. In the region k z > 0 or k z < 0 on the FSs, the gap function of the p z -wave pairing doesn't change sign, and thus has no extra gap nodes. In fig. 4(d fig. 4(d) , 4(e), and 4(f), we find that the pairings on FS γ are even stronger than that on FS β, not to mention that on FS α. This result is obviously different from the one obtained from the three-band model that the superconducting pairings on FS β is always the strongest [15] . Here we emphasize that, in spite of this difference, the results in both the three-band and six-band models indicates that the pairing mainly takes place in the d x 2 −y 2 and d xy orbitals since these two orbitals dominate on both β-and γ-bands as above-mentioned.
In fig. 5 , we show the ground state phase diagram on the U − J H /U plane. For U > U c , which is J H /Udependent and ranges from 0.18eV to 0.35eV, the intrasublattice ferromagnetic SDW state emerges; for U < U c , the triplet p z and f y 3 −3x 2 y wave pairing states occur be- low and above a U -dependent critical value of J H /U , respectively. Here we note that the U c obtained here is much larger than the one in the three-band model [15] , i.e., the superconducting phases obtained here extend to the parameter region with the larger U . The enhancement of U c can be understood from the suppression of the bare susceptibility χ (0) comparing with the one in the three-band model, which requires a much larger U c to make the renormalized spin susceptibility χ (s) diverge. As for the value of the Hubbard-U , we note that, while the d orbitals of the virtual atom in the three-band TB model of the system is the superposition of the original d orbitals of the Cr atom on both sublattices A and B, the d orbitals of the virtual atom in the present six-band model is the superposition of those on only one sublattice. Therefore, the d orbitals in the present six-band model should be more localized than those in the threeband model, which implies that the effective U in the present six-band model should be larger than the one in the three-band model. In fig. 6 , we show the U -dependence of the largest eigenvalue λ for the seven stronger pairing symmetries. Clearly, all these eigenvalues are enhanced promptly as U increases and would diverge when U tends to U c . For J H = 0.1U , the p z -wave is the leading pairing symmetry and dominates other symmetries as shown in fig. 6(a) ; for J H = 0.4U , the f y 3 −3x 2 y -wave becomes the leading one, with the (p x , p y ) and p z wave pairing to be close candidates as shown in fig. 6(b) . In fig. 6 (c), we show the J H /U -dependence of these eigenvalues for fixed U = 0.15eV. Obviously, the triplet p z and f y 3 −3x 2 y symmetries dominate other symmetries at all relevant values of ratio J H /U .
In conclusion, we have performed RPA study of the superconducting pairing symmetry of K 2 Cr 3 As 3 starting from the six-band TB model. Our calculations confirm the results of our previous study based on the threeband model: the triplet p z and f y 3 −3x 2 y wave pairings serve as the leading pairing symmetries in the weak and strong Hund's coupling regimes respectively, and the former wins over the latter for real material. The consistency between the results of these two models suggests that the three-band and six-band models are sufficient to capture the correct pairing symmetry of the system. While the obtained p z -wave pairing symmetry is robust and model-independent, there is slight difference between the form of their pairing gap functions. The difference lies in that, while the gap amplitude for the three-band model mainly distributes on one of the Q1D FS, that for the present six-band model mainly distributes on the three-dimensional FS as well as this Q1D one. Such a property is left for experimental verification.
